Abstract The objective of the study is to determine the risk factors for the development of reactive arthritis (ReA) and examine the factors associated with the persistence of symptoms. Patients with a new diagnosis of ReA and controls with a gastrointestinal (GI), urogenital, or sexually transmitted infection in the 3-6 months prior to study entry were prospectively enrolled in Guatemala City. ReA patients fulfilled the Assessment in Spondyloarthritis International Society criteria for peripheral spondyloarthropathy (SpA). Patients underwent history, examination, Achilles tendon ultrasound, and blood draw. Human leukocyte antigen (HLA) type and serum biomarkers were measured. t tests and nonparametric equivalents were used to examine the association of clinical, laboratory, and imaging factors with ReA. Patients were contacted 2 years later to assess for persistence of symptoms. Study subjects included patients with ReA (N = 32) and controls (N = 32). ReA patients were most frequently infected in April whereas controls were most frequently infected in August. Two ReA patients and two controls were HLA-B27-positive. Serum cathepsin K and C-reactive protein were higher in ReA patients compared to controls (p = 0.03 for both), while total cholesterol and low-density lipoprotein were lower (p = 0.008 and 0.045, respectively). Among those with ReA, 15 (47%) patients had continued symptoms at 2 years. These patients had a lower matrix metalloproteinase-3 level at diagnosis than patients for whom ReA resolved (p = 0.004). HLA-B27 was not associated with development of ReA in Guatemala; however, the month of infection was associated with ReA. The most striking finding was the persistence of arthritis at 2 years in nearly half of the patients.
Introduction
Reactive arthritis (ReA) is an inflammatory arthritis that generally develops within weeks after exposure to an infectious pathogen [1] . ReA is a subclassification of the spondyloarthropathy (SpA), a group of related multisystem inflammatory diseases that affect the spine, peripheral joints, and peri-articular structures. These conditions also share familial clustering, extra-articular manifestations (e.g., uveitis, inflammatory bowel disease, or subclinical gut inflammation), and an association with the HLA-B27 allele. ReA is characterized by an immune-mediated synovitis with some studies demonstrating intra-articular persistence of viable, nonculturable bacterial fragments. [2] . The most common infections associated with ReA are caused by bacterial enteric pathogens such as Salmonella, Shigella, Campylobacter, and Yersinia. Sexually transmitted infections (STIs) such as chlamydia, mycoplasma, and HIV have also been correlated with the onset of ReA [3] [4] [5] . Symptoms of ReA tend to resolve within 6 months of the initial infection, although a Helga Raquel Garcia Ferrer and Alexander Azan are co-first authors.
* Alexis Ogdie alexis.ogdie@uphs.upenn.edu 1 proportion of patients with ReA may have persistent symptoms for months or years [6] . However, little is known about the course of ReA, including basic epidemiology, risk factors, and prognostic factors, particularly within Central America. The epidemiology of SpA differs between the USA and Central America with a particularly wide variation in the prevalence of ReA. ReA is relatively rare in the USA, but much more common in Central America, specifically in Guatemala [7] . The relatively high prevalence of ReA in Guatemala offers the ideal opportunity to describe the genetic, phenotypic, and serologic aspects of ReA and to examine the potential risk factors for disease development. It remains unclear why some patients develop ReA following an infection and others do not. While relatively rare in the population, insights into why patients develop this form of SpA may inform risk factors for the development of other SpA types. HLA-B27 positivity has been considered a significant risk factor in the development of SpA in general. However, previous studies have shown that more than 50% of infection-related ReA cases in Europe are not associated with the HLA-B27 allele [8] . Enteric pathogens, including those listed above, are endemic causes of diarrheal illness in Guatemala [9] . Other potential risk factors for ReA include propensity for distinct inflammatory responses to an infectious exposure because of resident intestinal flora (the gut microbiome) [10, 11] , other inflammatory disorders such as metabolic syndrome (e.g., obesity and hyperlipidemia are risk factors for psoriatic arthritis) [12, 13] , nutritional status, occupational exposures, and genetic factors, specifically HLA genes.
The objective of this study was to identify potential risk factors for the development of ReA among Guatemalan patients with a known history of being infected with gastroenteric, urologic, or sexually transmitted pathogens. A prospective study was performed to examine clinical, environmental, and genetic risk factors for the development of ReA. In addition, we examined the clinical features, serum biomarkers of inflammatory arthritis and systemic inflammation, and persistence of symptoms at 2 years among patients with ReA.
Patients and methods
Study design This study is a prospective case-control study with longitudinal follow-up.
Study population Patients were prospectively enrolled from July 2014 to October 2014. Cases and controls were recruited concurrently and in the same time window. Cases were ascertained from two rheumatology clinics in Guatemala City (Asociacion Guatemalteca Anti Enfermedades Reumáticas (AGAR) outpatient clinic and Clinica Medica Especializada en Reumatologia (AGK) private clinic), and controls were obtained from primary care clinics within the Hospital Universitario Esperanza, Hospital Sanatorio Hermano Pedro, and Hospital Nacional de Traumatologia y Ortopedia. There has been much debate about how to define ReA [14, 15] . The definition of ReA in this study was presentation with inflammatory arthritis, a preceding infection within 3 to 6 months (restricted to gastroenteric, urological, or sexually transmitted infections), and a physician diagnosis of ReA. ReA was further defined by fulfillment of the Assessment in Spondyloarthritis International Society (ASAS) criteria for peripheral SpA [16] . Additional inclusion criteria were age between 18 and 55 years of age and the ability to provide consent. Alternative diagnoses such as inflammatory bowel disease (Crohn's disease or ulcerative colitis), active malignancy, psoriasis, or other inflammatory arthritis or joint diseases were the exclusion criteria for this study.
Study measurements After obtaining informed consent, a rheumatologist performed a standardized clinical history and physical exam. Patients completed a pain numerical rating scale and the mini-nutrition assessment [17, 18] . All participants underwent ultrasound examination of the bilateral Achilles tendons and blood draw. We selected the Achilles tendon as the site for ultrasound as it is among the most commonly involved entheses in SpA [19] . In October 2016, both patient and control groups completed a follow-up survey designed to detect any changes in arthritic symptomatology. This survey was most often conducted by phone.
Hypothesized clinical risk factors For psoriatic arthritis (PsA), a priori, we developed a list of potential risk factors for development of ReA after an infection and these were included on the clinical research forms. Potential clinical risk factors included sex; age; self-reported race; residence location; occupation; family history of SpA, psoriasis, or IBD; smoking; obesity; metabolic comorbidities (e.g., diabetes, hypertension); timing of infection (as a proxy for the type of infection as some infections may be more common during different times of the year); and use of antibiotics for the infection.
Laboratory assessments Blood samples included serum and whole blood. Standard laboratory testing performed in the AGAR clinical laboratory included sedimentation rate, fasting glucose, fasting lipid panel (including total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides), and HbA1C. Blood and serum samples were stored in five 2-cm 3 Eppendorf tubes. All samples were stored at − 80°C in Guatemala City until completion of the study. Samples were then shipped on dry ice to the University of Pennsylvania. Stool samples were collected for future microbiota analysis (cultures not isolated in this study).
HLA-typing and serum biomarker studies HLA A, B, and C sequencing was performed by HistoGenetics Laboratories, Ossinging, NY. Serum biomarkers were performed by the University of Pennsylvania Translational Core Laboratory. Dickkopf-related protein 1 (DKK1) was measured using twosite sandwich ELISA kits from R&D Systems. Cathepskin K was measured using two-site sandwich ELISA kits from LS Bio. Osteoprotegerin (OPG) was measured using two-site sandwich ELISA kits from BioVendor. Matrix metalloproteinase 3 (MMP-3) was measured using two-site sandwich ELISA kits from R&D Systems. RANKL was measured using two-site sandwich ELISA kits from BioVendor. Sclerostin was measured using two-site sandwich ELISA kits from R&D systems. These biomarkers were selected because of their previous associations with ankylosing spondylitis or psoriatic arthritis and their hypothesized differential expression between ReA (or other forms of SpA) and controls [20, 21] .
Ultrasound One rheumatologist trained in musculoskeletal ultrasound (MSKUS), blinded to clinical data, independently examined all patients' and controls' Achilles enthesis MSKUS studies (Siemens G40 equipped with a 13-5-MHz linear transducer). Each tendon was scanned in both longitudinal and transverse planes. Power Doppler ultrasound enthesitis was defined based on the Outcome Measures in Rheumatology Ultrasound Task Force, which included hypo-echogenicity, increased thickness of the tendon insertion, calcifications, enthesophytes, erosions, and Doppler activity as elementary lesions of enthesitis [22] .
Statistical analysis Descriptive statistics were used to compare clinical and demographic characteristics among cases and controls. Differences in covariates between cases and controls were calculated using Student's t test for parametric variables, Wilcoxon rank-sum or Kruskal-Wallis for nonparametric continuous measures, and chi-squared test for categorical or binary variables. Logistic regression was utilized to examine the association of studied potential risk factors with the development of ReA. The association of hypothesis predictors with case status was first tested. Those predictors with a p value < 0.1 were included in a multivariable logistic regression model. We then corrected for age and sex in the model a priori. The results of the multivariable model were presented as odds ratios with 95% confidence intervals. Given the multiple tests conducted, we used a Bonferroni correction for all p values and a corrected p value of < 0.05 was considered statistically significant. Differences in laboratory values and biomarkers were examined using univariable and age-and sex-adjusted linear regression models. From these models, beta coefficients and the resulting 95% confidence intervals are presented. Finally, HLA serotypes are presented descriptively as we did not have enough power to test between differences in the large number of HLA genotypes identified. All analyses were performed using Stata 14.0 (College Station, TX).
Ethics approval This study protocol was approved by the institutional review board of the University of Pennsylvania (#819438) and the ethics committee of Universidad Francisco Marroquin. 
Results
Thirty-two patients with ReA and 32 controls were prospectively enrolled. Demographics are shown in Table 1 . The majority of patients were female (81% of patients with ReA and 63% of controls). Most patients self-identified as mestizo (mixed) race (50% of ReA patients and 50% of the controls); however, more ReA patients identified as indigenous compared to controls although this was not statistically significant (p = 0.05). The majority of patients with ReA (81%) and controls (88%) lived in Guatemala City. The prevalences of type II diabetes mellitus and hypertension were 6 and 16%, respectively, in patients with ReA compared to 0 and 6% of controls. Gastrointestinal (GI) infections were the most common infection reported by ReA patient (72%) and control (91%) groups. Genitourinary infection (GU) was reported in 31% of the cases and 13% of the controls. No sexually transmitted diseases were reported. Treatment of these infections with antibiotics was reported in 63% of cases and 47% of controls. The month of infection was different among patients with ReA and controls; patients with ReA were most frequently infected in April (28%) whereas controls were most frequently infected in August (28%) (p < 0.001) (Fig. 1) . This did not correlate with the date of enrollment (data not shown). The frequency of symptoms and signs of ReA is listed in Table 2 . All ReA patients (100%) had peripheral arthritis, 91% had back pain, and 63% had uveitis (75% of these cases were diagnosed by ophthalmologist); 97% reported NSAID use, and 6% of patients used glucocorticoids. The right sacroiliac (SI) joint was the most common tender joint. The insertion of the Achilles tendon was the most common tender enthesis in cases (69%) followed by the right medial femoral condyle (53%). Ultrasound examination identified Achilles enthesopathy in 44% of the cases and in 6% of the controls.
Only two subjects from each group were found to carry an HLA-B27 allele. The most frequent HLA-A allele was HLA A2 in both patients with ReA (44%) and controls (63%). The HLA B35 allele was the most prevalent HLA-B allele in both the patient (72%) and control (59%) groups, while the most prevalent HLA-C allele was HLA C7 in both cases (53%) and controls (53%). Serum biomarkers with previously described associations with SpA were measured to determine whether there were differences in markers of systemic inflammation, new bone formation, and/or bone catabolism among the groups (Table 3) . Serum cathepsin K (ng/mL) levels were elevated in patients with ReA compared to controls (2.70 vs 2.17, p = 0.028), and this remained significant after adjusting for age and sex. The other biomarkers tested were not significantly different between patients and controls.
All patients completed a follow-up survey at 2 years (in person or by phone). Among patients with ReA, 15 (47%) patients had continued symptoms at 2 years. One control received a new diagnosis of psoriasis. Uveitis resolved in all but one of the ReA patients. There were no significant differences in clinical features at baseline among patients with ReA who had persistent joint symptoms and among patients in whom the process resolved with one exception. Levels of MMP3 were significantly lower in patients who had persistent joint symptoms: mean MMP3s were 18.3 (SD 9.5) vs 9.4 (6.1) among those with resolved symptoms versus those with persistent symptoms, respectively (p = 0.004).
Discussion
We report the results of a study to examine the epidemiology of ReA in Guatemala including examining potential risk factors for the development of ReA and the clinical characteristics. As expected, SpA characteristics were common, including a high prevalence of Achilles enthesitis (67% on exam, 44% on ultrasound) [6] . However, we found a few differences from classic depictions of ReA. First, approximately half of the patients were female. While this seems surprising given Fig. 1 Month of infection. ReA patients (N = 32) were most frequently infected with GI or GU pathogens in April (28%) whereas controls (N = 32) were most frequently infected in August (28%) that previous studies have reported that ReA is a malepredominant disease, we have also learned from recent epidemiology studies in ankylosing spondylitis (AS) that women comprise a larger proportion of patients with AS than previously recognized when newer definitions are used [15] .
Additionally, one other study of ReA in the USA also found a higher risk for ReA among women [23] . There was a higher than expected prevalence of SI joint tenderness (82 and 76% of patients reported tenderness in the right and left SI joints, respectively) although low back pain has previously been reported as a common accompanying symptom in ReA [6] . Uveitis was also highly prevalent in this population and resolved in most patients. The most interesting was that nearly half of the patients had persistent symptoms at 2 years.
We enrolled a control population to determine whether there were demographic, clinical, or genetic differences that would suggest a reason why some patients developed ReA compared to patients from a similar source of population, who were also exposed to similar infections, who did not. We found qualitative differences in the month(s) of infection, which may suggest that different pathogens may play a role in risk of developing ReA. A study of intestinal microbiota in these cohorts is currently underway to better investigate this possibility.
We found that there were differences in the race/ethnicity of cases and controls (although not statistically significant), suggesting potential genetic variances. We examined limited genetic characteristics, in particular the HLA-A, HLA-B, and HLA-C allele phenotypes. The HLA-B27 allele has been strongly linked to SpA, in particular ankylosing spondylitis, but studies have also suggested a link with ReA [24, 25] . A retrospective study by Sheehan et al. suggested that 60-90% of patients diagnosed with ReA in the UK in the 1960s and 1970s carried the HLA-B27 allele [26] . Our study suggests that HLA-B27 is not an important risk factor in Central America. The HLA-B27 allele was not associated with ReA in this population, and no single HLA-A, HLA-B, or HLA-C allele was associated with ReA although it is important to note that the study was not powered to detect a difference, particularly in this Central American population where a lower prevalence of HLA-B27 would be expected. Work previously published by Garcia Kutzbach et al. reports that the association with HLA-B27 was weak in SpA cohorts from El Salvador, Costa Rica, and Guatemala (prevalence of HLA-B27 4-57%) [27] . Studies in the USA have also found that the prevalence of HLA-B27 is lower among Hispanic populations compared to Caucasians [28] and have found no association between HLA-B27 and reactive arthritis [23] . The lack of association with HLA-B27 in this study is also supported by recent work suggesting that Chlamydia trachomatis-induced ReA in an animal model was independent of HLA-B27 and by genetic studies identifying other genotypes that are associated with spondyloarthropathies. [25, 29] Previous studies have found that SpA, in particular AS and PsA, is associated with metabolic alterations that increase the incidence of type II diabetes and hypertension in affected patients. [30] While there was a higher prevalence of hypertension and diabetes in patients with ReA compared to controls, this was not statistically significant. It may be that the duration of *Most controls did not report any SpA-related symptoms, medication use, joint tenderness, or enthesopathy with the exception of 6% reporting uveitis, 16% reporting herbal medication use, and 6% found to have abnormal ultrasound Achilles enthesopathy imaging systemic inflammation that leads to these metabolic disorders is shorter in patients with ReA, and therefore, the metabolic syndrome association cannot be identified. Small sample size also limited the ability to determine differences between groups.
In this study, we assessed serum biomarkers to determine whether there were pathophysiologic differences between patients with ReA and controls. Serum cathepsin K levels were significantly higher in ReA patients when compared to controls (p = 0.028). Cathepsin K is a protease, secreted by osteoclasts, which is responsible for the degradation of type I collagen (90% of organic bone matrix) in bone resorption processes; this protease is activated by proinflammatory cytokines (e.g., IL6, TNF), and IL17 may also influence this pathway. In one small study, serum cathepsin K was higher in patients with AS than healthy controls, although the difference was not statistically significant (possibly related to the small sample size). Similarly, in another study, serum cathepsin K levels rose following TNFi therapy, although this was a similarly small study so the values were not statistically significant [31, 32] . These results raise the question as to whether cathepsin K plays a role in the pathogenesis or activation of symptoms in ReA. MMP3 has been associated with disease activity and prognosis in AS [20] . While MMP did not differentiate between cases and controls in our study, it was associated with the persistence of disease at 2 years. Finally, total cholesterol and LDL were lower in our patients with ReA; this is expected, as these tend to decline in the setting of active inflammation [33] .
Our study has several strengths. This is the first study to examine potential risk factors for ReA, including serum biomarkers, by systemically comparing patients with ReA to controls from the same source population with a prior GI or GU infection. The prospective design allowed for standardized clinical evaluation and uniform protocols for blood sampling, stool sampling, and blinded imaging procedures. Additionally, we used the ASAS peripheral SpA criteria to define ReA. Finally, this is one of the few studies to follow patients for persistence or resolution of symptoms at 2 years in a cohort of patients with ReA [15, [34] [35] [36] .
This study also has limitations. This study was initially constructed as a pilot study for the genetic and microbial analyses of a sample of ReA patients compared to controls; we intended to look for large differences. The sample size studied would not allow for detection of subtle differences between groups including an association between HLA-B27 in ReA in a population in which HLA-B27 is low. Next, socio-demographically, the majority of subjects were residents of Guatemala City (84.4%). Therefore, our results may not be generalizable to the Guatemalan population or to Central America in general. Also, GI and GU infections were selfreported by patients. It is possible that these infections were viral rather than bacterial, although approximately half received antibiotics. Ideally, a cohort study would include patients that have documented bacterial infections followed prospectively for the development of ReA. However, given the relatively low incidence of ReA, this was not possible. Additionally, viral infections have similarly been implicated in stimulating inflammatory arthritis. Sexually transmitted infections were also not observed in our study population. It is possible that patients were reluctant to share their infectious sexual history with study investigators or patients who had an STI may have specifically avoided enrollment in our study. Finally, we were able to follow up with patients via telephone to ascertain whether or not they had joint pain or any other new symptoms or diagnoses related to SpA but we were not able to bring patients back for a follow-up visit in most cases and thus have limited information on the clinical examination. In summary, we found that the month of infection was associated with the development of reactive arthritis but there were few other factors that differentiated cases from controls, including HLA A, B, and C genotypes. Furthermore, we found that ReA was associated with a high prevalence of uveitis and nearly half of the patients with ReA continued to have persistent symptoms at 2 years. Overall, relatively little is understood about why patients develop ReA or SpA in general. It is also unclear whether ReA should be differentiated from early peripheral SpA as the outcomes may be similar. Further studies are needed to determine why some patients develop ReA and to better understand the prognostic factors for persistence of inflammatory arthritis [37] .
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